The present study aimed to investigate effects of dietary 1,8-cineole (cineole) on common carp (Cyprinus carpio) health under ammonia toxicity. The fish were fed with four diets supplemented by 0 (control), 0.1 (0.1C), 0.5 (0.5C), and 1 (1C) percent cineole for 2 weeks, before a 24-hr ammonia exposure. Blood samples were taken before and after ammonia exposure. The results showed that ammonia exposure significantly (p < 0.05) increased serum urea levels, and decreased serum alternative complement (ACH50) activity and serum total immunoglobulin (Ig) levels.
. Thus, it is of interest to find method for mitigating adverse effects of ammonia intoxication in fish. Nutritional manipulation is a useful method to increase fish resistance to toxicant exposure and to suppress adverse effects of on fish health (Hoseini, Hosseini, & Soudagar, 2012; Yonar, 2012 Yonar, , 2018 . Thus, several studies have been conducted to investigate the effects of dietary additives on fish health under toxicity, because the additives have benefits for fish overall health and can be used to increase fish strength, and therefore, resistance against any stressful conditions ( Abdel-Tawwab, 2015; Hoseini et al., 2012; Yuan, Li, Zhang, Tao, & Wang, 2016) . Besides, nutritional manipulation is a practical method to increase fish health compared to other methods such as injection and immersion. Phytochemicals are beneficial compounds with variety of functions in aquaculture (Chakraborty, Horn, & Hancz, 2014) . Extensive researches have been conducted to evaluate health benefits of herbal materials in a fish including stress mitigation, antioxidant effects, and immunomodulation (Chakraborty et al., 2014) . Phytochemicals are capable to promote fish growth (Abdel-Tawwab, 2015) , stress resistance , antioxidant defence (Gobi et al., 2016) , immune function (Wu, Liu, Chang, & Hsieh, 2010) , and toxicant resistance (Yonar, 2012 (Yonar, , 2018 . Essential oils and extracts from plants are used for these purposes; however, application of single herbal ingredients for fish health promotion has gained attention recently. Thymol, carvacrol, linalool, curcumin, resveratrol, Astragalus polysaccharide, and tannin have been used to improve fish health (Ahmadifar, Falahatkar, & Akrami, 2011; Castro et al., 2008; Giannenas et al., 2012; Prusty, Sahu, Pal, Reddy, & Kumar, 2007; Yuan et al., 2007) .
1,8-cineole (cineole) is a monoterpene found at high concentrations in essential oil of plant of Eucalyptus sp. (Batish, Singh, Kohli, & Kaur, 2008) , but found at remarkable concentrations in other plant such as Rosmarinus officinalis (Wang, Wu, Zu, & Fu, 2008) and Salvia officinalis (Sönmez et al., 2015) . Cineole is a strong antioxidant (Batish et al., 2008) showing growth promotion and stress mitigating effects in Oncorhynchus mykiss (Hoseini, Taheri Mirghaed, Iri, & Ghelichpour, 2018; . It is also used as anaesthetic in aquaculture (Mazandarani & Hoseini, 2017b; Taheri Mirghaed, Ghelichpour, Zargari, & Yousefi, 2018) .
Studies have shown that cineole can mitigate toxic effects of xenobiotic (2,3,7,8-tetrachlorodibenzo-p-dioxin) in mice (Ciftci, Ozdemir, Tanyildizi, Yildiz, & Oguzturk, 2011) . However, there is no report on cineole potential benefits in fish exposed to ambient toxicants.
There is no study on the effects of cineole on fish health and physiological response to ammonia toxicity. In the present study, the effects of cineole were investigated on fish blood characteristics including enzymatic activity (markers of tissue damage) and immune components in common carp.
| MATERIALS AND METHODS

| Diets
Four diets containing 0 (control), 0.1 (0.1C), 0.5 (0.5C), and 1 (1C) percent cineole were formulated (Table 1) . To make the diets, all ingredients were first mixed well, and then, appropriate amount of water was added to the mixture. The resultant dough was turned to sticks using meat grinder. Cineole was mixed with dietary oil sources before mixing with the other dietary ingredients.
| Experimental protocols
Common carp (~115 g) was stocked in 12 tanks (150 L water) at the density of 12 fish per tank (10 g/L). The fish were allowed acclimatizing to the experimental conditions for 2 weeks during which, they were fed twice a day with the control diet based of 2.5% of biomass. The tanks' water was continuously aerated and renewed by ground water during the experiment. After acclimation, the fish were fed with either the control or the cineole-supplemented diets (four triplicated treatments). After two weeks feeding with these diets, the fish were challenged with 0.5 mg/L ambient unionized ammonia nitrogen for 24 hr. To this, 64 mg/L ammonium chloride was added to the tanks water (based on the water pH and temperature). Water flow was ceased immediately before the challenge and afterwards.
Water temperature, pH, dissolved oxygen, total alkalinity, total hardness, total ammonia, and unionized ammonia levels were measured before and after ammonia addition to the tanks water.
Blood samples were taken before and after the challenge. For blood samplings, the fish were caught from the tanks and anaesthetized with eugenol (100 mg/L) within 60 s. Serum samples were separated after 10 min centrifugation (7,000 rpm) and stored at −70°C until analyses.
| Analyses
The control diet proximate composition was analysed according to AOAC (1995) ; oven drying method for dry matter measurement; Kjeldahl method for crude protein determination; Soxhlet method T A B L E 1 Ingredients (%) and proximate composition (% of dry matter) of experimental diets for crude fat determination; and combustion in furnace for crude ash determination.
Water temperature, pH, and dissolved oxygen were measured using portable apparatus (Hach HQ40d, Loveland, CO). Water hardness, alkalinity, and ammonia were determined by digital photometer (Wagtech 7100, Berkshire, UK).
Serum urea, total protein, and albumin levels were measured spectrophotometrically using standard graphs and commercial kits (Pars Azmun Co., Tehran, Iran). Serum LDH, ALP, AST, and ALT activities were determined kinetically using commercial kits (Pars Azmun Co.). Serum globulin levels were calculated by subtracting serum albumin levels from total protein levels. Serum lysozyme activity was estimated by turbidimetric assay according to previously published method (Ellis, 1990) with Micrococcus luteus (Sigma, St
Louis, MO) as target in 0.05 M phosphate buffer (pH = 6.2). Serum ACH50 activity was determined as haemolytic activity using sheep RBC as target in EGTA-Mg 2+ -Gelatin-Veronal buffer (Yano, 1992) .
The levels of serum total Ig were determined after polyethylene glycol precipitation according to Siwicki and Anderson (1993) .
| Statistical analyses
The data were analysed by two-way ANOVA (cineole concentrations and ammonia challenge) following confirmation of normal distribution (Shapiro-Wilk) and variance homogeneity (Levene). When there was a significant interaction between the factors (in the case of serum LDH, ALP, ALT, AST, and lysozyme activities), one-way ANOVA was conducted to find significant differences. Significant differences (p < 0.05) among the treatments were determined by Duncan test. Data are presented as mean ± SEM. All analyses were conducted using software SPSS v.22.
| RESULTS
Water physiochemical characteristics are presented in Table 2 . There was no significant difference among the experimental groups (p > 0.05).
There was no mortality in any treatment during the experiment.
Ammonia exposure significantly (p < 0.05) increased serum urea concentration ( Figure 1 ).
There were significant interactions (p < 0.05) between dietary cineole levels and ammonia exposure on serum LDH, ALP, AST, and ALT activities. Before the ammonia challenge, the lowest LDH activity was observed in the treatment 0.5C; however, the treatment 1C had significantly (p < 0.05) lower enzyme activity compared to the control group. After ammonia exposure, serum LDH activities significantly (p < 0.05) increased in all treatments, but the treatment 0.5C had significantly (p < 0.05) lower enzyme activity compared to the other treatments. There was no significant difference in serum ALP activities between the cineole-treated fish and the control, before the ammonia challenge. After the challenge, the enzyme activity increased in the control and 1C groups, both were significantly (p < 0.05) higher than the 0.1C and 0.5C groups.
Serum AST of the treatment 0.5C was significantly (p < 0.05) lower than the treatments control and C0.1, before the ammonia challenge. After the challenge, serum AST increased in the treatments control, 0.1C and 1C, but not 0.5C. AST activity in the control group was significantly (p < 0.05) higher than the other groups after the challenge. There was no significant difference in serum ALT activities among the treatments before the challenge. After the challenge, serum ALT increased in all groups, but the 0.5C group had significantly (p < 0.05) lower activity compared to the other groups (Table 3) .
There was no significant difference in serum total protein, albumin, and globulin among the treatments (Table 4) 
| DISCUSSION
This is the first study demonstrating the benefits of dietary cineole supplementation to counteract adverse effects of ammonia toxicity in fish. After ammonia exposure, the fish serum urea significantly increased without significant effects of dietary cineole levels.
Increase in serum urea may be an indicator of elevation in body ammonia concentrations (Mazandarani, Hoseini, & Dehghani Ghomshani, 2017; Peyghan & Takamy, 2002) . Because of increased ambi- Different letters show significant difference among the treatments (n = 6).
T A B L E 4 Serum total protein, albumin, and globulin levels in common carp fed with different dietary cineole levels, and before and after exposure to 0.5 mg/L water unionized ammonia (n = 6) | 149 (Hoseini, Hoseinifar, & Doan, 2018) . Abdel-Tawwab (2015) found that dietary herbal (Panax quinquefolium) supplementation significantly suppressed elevation in blood aminotransferase activity following copper exposure in Oreochromis niloticus.
Serum protein levels are indicators of fish health (Hoseini & Tarkhani, 2013; Hoseini, Hedayati, et al., 2016) . Most of the fish serum proteins are synthetized in liver and no change in their levels after ammonia challenge may suggest no adverse effects of the challenge on protein synthesis in common carp. However, it is necessary to determine serum protein electropherogram for better understanding of the effects of ammonia toxicity on serum proteins (Hoseini, Hedayati, et al., 2016) .
Toxicants exposure causes immunosuppression in fish (Mazandarani & Hoseini, 2017a; Wang, Long, Liu, Cheng, & Yan, 2015) .
Decrease in serum ACH50 activity and total Ig levels have been reported as indicators of immune suppression in fish exposed to toxicants Sharifian, Rastiannasab, & Gandomkar, 2015; Wang, Long, Cheng, Liu, & Yan, 2014) . Lysozyme activity increased after ammonia challenge, which is in agreement with previous studies on different toxicants such as ammonia , chlorpyrifos (Li, Liu, et al., 2013) and lead (Kim & Kang, 2016) . 0.1% and 0.5% dietary cineole increased serum ACH50 activity and total Ig levels, suggesting immune stimulation by cineole administration. Similarly, essential oil/extract of Eriobotrya japonica (Hoseinifar, Khodadadian Zou, Van Doan, Kolangi Miandare, & Hoseini, 2018) and Toona sinensis (Wu et al., 2010) , and eucalyptol (Hoseini, Hoseinifar, et al., 2018) significantly improved serum ACH50 activity and total Ig levels in different species. Lysozyme activity of the treatment 0.5C was significantly higher than the other treatments before ammonia challenge. Moreover, 0.5% cineole significantly prevented the ammonia-induced lysozyme elevation. The results are similar to those reported by , which found dietary eucalyptol significantly mitigated copper- In conclusion, the present results showed that high water ammonia concentration significantly increases serum LDH, ALP, AST, and ALT activities, which may indicate tissue damages. Moreover, ammonia causes immunosuppression characterized by decreased serum F I G U R E 2 Serum lysozyme and ACH50 activities, and total Ig levels in common carp fed with different dietary cineole levels, and before and after exposure to 0.5 mg/L water unionized ammonia. Different letters show significant difference among the treatments (n = 6 for lysozyme; n = 12 for cineole; n = 24 for ammonia exposure) complement and total Ig. Cineole administration was found to counteract adverse effects of water ammonia on common carp, particularly at 0.5% level.
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